Abstract
INTRODUCTION
Mushrooms possess great potential for both nutrition and therapeutic use. It has been found that edible and medicinal mushrooms contain many biologically active compounds with antiinflammatory, antitumor, antibacterial, antiviral, cardiovascular, antihypercholesterolemia and antioxidant activities (Wani et al., 2010; Patel et al., 2012; Khatua et al., 2013; Wasser, 2014) . Amongst bioactive constituents occurring in mushrooms, phenolic compounds focus much attention due to their antioxidant activity (Bubueanu et al., 2017) . Many Basidiomycete fungi such as Pleurotus spp., Lentinula edodes, Hericium coralloides, Trametes versicolor, Laetiporus sulphureus, Ganoderma spp. can enzymatically degrade various substrates containing lignin, hemicellulose, and cellulose into soluble compounds with low molecular weight (Lim et al., 2013) . The wood-rotting Basidiomycetes are the most efficient degraders of lignocellulose substrates. The enzymes involved in lignin degradation are mainly lignin peroxidase (LiP), which catalyses the oxidation of both phenolic and non-phenolic units, manganese peroxidase (MnP) and laccase (Lac) which oxidizes phenolic compounds (Jhadav et al., 2009 ). These enzymes have been shown to degrade not only lignocellulose but also some recalcitrant environmental pollutants such as crude oil wastes (Popa et al., 2013) , textile dyes discoloration (Nagai et al., 2002; Iordache et al., 2016) , delignification and pulp bleaching (Palonen and Viikari, 2004) , and bioremediation (Jaouani et al., 2005) . Because most of biologically active compounds are involved in antioxidant activity and different biotechnological processes the objectives of this study were to investigate ten mushroom isolates for total phenolic compounds, lignocellulolytic enzymes activity and for their synthetic dyes decolourisation potential. 
MATERIALS AND METHODS

Mushroom samples
Extracts preparation
Fine powder of each dried fruiting bodies was subject of hydro ethanol (70%) extraction (10 ml/g). The mixture was macerated for 24 hours at room temperature, and then the homogenate was centrifuged at 10.000 rpm, for 15 min. The obtained supernatant was used for total phenolic content determination, enzyme assays and synthetic dyes discoloration analysis.
Total phenolic assay
Total phenolic content was determined by the use of Folin -Ciocalteu reagent (Singleton et al., 1999) and expressed as Gallic acid equivalents. An aliquot (1 ml) of extract or standard solution of Gallic acid was added to 25 ml of volumetric flask, containing 9 ml distilled water and 1 ml Folin Ciocalteu reagent. After 5 minutes, 10 ml of 5% (w/v) sodium carbonate solution was added to the mixture. After 90 minutes at room temperature, the absorbance of the samples was determined at 760 nm with a UV/VIS spectrophotometer. Total phenolic content was expressed as mg GAE/l. Meanwhile, phenolic content has been analysed by TLC. Thin-layer chromatography (TLC) was performed using silica gel TLC plates (60 F254 10 cm x 10 cm, Merck) and pre-coated silica gel TLC plates (POLYGRAM SIL G/UV254-Merck, 40 x 80 mm). About 5 µl of mushroom extracts was loaded on TLC plates. The plates were developed in hexane: methanol: acetic acid (3:9:2) as mobile phase.
The developed plates were air dried and observed under UV (365 nm). After this examination, for detection of phenolic compounds, the TLC plates were sprayed with 10 ml Folin -Ciocalteu reagent and then evaluated in visible light. The appearance of the blue spots indicates the presence of phenolic compounds. The retention factor (Rf) value of the spots was also determined by calculating a ratio between the distance from the starting point to the center of the spot on the TLC plate and the distance from the starting point to the solvent front (Kagan and Flythe, 2014) .
Enzymatic assays
Laccase activity. Laccase activity was determined using guaiacol as substrate (Kalra et al., 2013) . The reaction mixture contained 3 ml sodium acetate buffer (10 mM, pH 5.0), 1ml guaiacol (2 mM) and 1 ml enzyme source. The mixture was incubated at 30 o C for 15 min. The changes in absorbance due the oxidation of guaiacol in the reaction mixture were recorded by spectrophotometer at 450 nm, with a molar extinction coefficient for guaiacol (Ɛ 450 =6740 M -1 cm -1 ). One unit of enzyme activity (U/ml) is defined as the amount of enzyme that oxidized 1 μmol of guaiacol per minute. 
RESULTS AND DISCUSSIONS
Total phenolic content in mushroom extracts
Polyphenols are a large group of secondary plant metabolites with a significant role in the protection of oxidation processes (Croft, 1999) . The contents of total phenolic compounds (mg GAE/l) in the ten mushroom 70 % ethanol extracts are shown in Figure 1 . (Figure 1) . The higher contents of total phenol found in the mushroom extracts could be considered as indicators for higher antioxidant ability (Boonsong et al., 2016; Popa et al., 2016) . Phenolic compounds detection by TLC analysis. Detection of phenolic compounds was also performed by TLC assay. The TLC plates were developed in hexane: methanol: acetic acid (3:9:2) and sprayed with 10 ml Folin -Ciocalteu reagent. Under UV light (365 nm), the eluted compounds showed a more pronounced greenish yellow fluorescence for Agaricus campestris (3), Flammulina velutipes (4), Ganoderma lucidum (7), Ganoderma applanatum (8) and Trametes versicolor (9) extracts (Figure 2 -A) . After treatment with Folin -Ciocalteu reagent and examination under visible light it was observed that all samples of fungal extracts showed blue spots corresponding to the presence of phenolic compounds (Figure 2-B Quantitative estimation of the enzymes. All collected fungal isolates were examined for the production of lignocellulolytic enzymes. Quantitative estimation of laccase (Lac), lignin peroxidase (LiP) and manganese peroxidase (MnP) produced by selected fungi, showed that the highest activities of Lac (16.18 U/ml) and MnP (2.248 U/ml) were obtained from the Pleurotus ostreatus var. Florida ethanolic extract (Figure 3) .
The highest lignin peroxidase activity was obtained from the extracts of Agaricus campestris (5.048 U/ml), Pleurotus ostreatus var. Florida (4.606 U/ml), Trametes versicolor (3.332 U/ml) and Flammulina velutipes (3.235 U/ml) (Figure 3) . Previous studies showed that the enzymes extracted from the mushrooms have industrial value (Maciel et al., 2010 , Nigam, 2013 . The production of lignocellulolytic enzymes can be stimulated by the presence of a wide variety of inducing substrates mainly aromatic or phenolic compounds related to lignin or lignin derivatives such as ferulic acid, 2,5-xylidine, and veratryl alcohol (Barbosa et al., 1996) . Bemacid dyes are acid dyes for dyeing polyamide and wool for application in neutral to slightly acid pH ranges. Bemacid Rot and Bemacid Gelb are azo dyes, and Bemacid Blau is an anthraquinonoid dye. Congo red is an organic compound, the sodium salt of 3,3′-bis4-aminonaphthalene-1-sulfonic acid. It is an azo dye. In our experiment, the fungal extracts had no discoloration activity against Congo red, but some of them showed high activities in decolorizing Bemacid Rot (BR) and Bemacid Gelb (BG) dyes (Figure 4 ). All fungal extracts had discoloration activities against BR dye. L. sulphureus showed the highest discoloration activity (90. (Figure 4 ). These results are in agreement with some of previously reported. Many studies have shown that fungi due to their enzymes are able to decolorize and detoxify industrial dyes (Michniewicz et al., 2008 , Teixeira et al., 2010 .
CONCLUSIONS
Ten mushroom isolates were investigated for total phenolic compounds, lignocellulolytic enzymes activity and for their synthetic dyes discoloration potential. It was found that all samples of the fungal extracts showed the presence of phenolic compounds. The highest content of total phenols was observed in Agaricus campestris, Pleurotus ostreatus var. "Florida" and Trametes versicolor extracts. Quantitative estimation of lignocellulolytic enzymes produced by selected fungi, showed that the highest activities of laccase and manganese peroxidase were obtained from the Pleurotus ostreatus var. "Florida". The highest lignin peroxidase activity was obtained from the extracts of Agaricus campestris, Pleurotus ostreatus var. "Florida", Trametes versicolor and Flammulina velutipes. The ten fungal extracts had no discoloration activity against Congo red, but some of them showed high activities in decolorizing of synthetic azo dyes. Among all tested samples, only Lentinus edodes, P. ostreatus Florida and G. applanatum showed discoloration abilities on all Bemacid dyes.
